In this work, the effect of different nanographite such as expandable graphite (EG) and exfoliated graphite nanoplatelets (xGnP) on the electrical and thermal properties of nanocomposite thermoplastic elastomer gels prepared from a poly(styrene-b-(ethylene-co-butylene)-b-styrene) (SEBS) imbibed with an EBcompatible paraffin oil was investigated. The electrical properties have been studied as a function of variation of nanoparticles in the frequency range of 5 2 to 10 7 Hz. For all the nanoparticles studied, the dielectric constant increases as the volume content of the nanoparticles in the TPE gels increases. The increase in dielectric constant was fairly smooth with no clear dielectric singularity in the concentration range studied. However, the percolation threshold in the dielectric spectra was clearly seen. The incorporation of a small quantity of nanographite improved the thermal stability of the swollen midblock of TPEGS, since the particles dispersed in this region, thereby increasing the distinct region of oil degradation temperature but no improvement on SEBS matrix. The results showed that size, shape and agglomeration of the particles with high amount of oil in SEBS system played a role in the dielectric properties and thermal stability.
Introduction
Polymers are well known for their insulating properties, which can be modified by compounding with electrically conductive filler to become relative good electrical conductors. The electrical properties of the polymer composites have been the subject of profound scientific studies because of their numerous applications that can be used as antistatic material, electromagnetic shielding material, conductive film, conducting coatings, and phase transfer catalysis materials [1] . Polymer composites with various electrical properties could be obtained by compounding the different polymers with conductive fillers. Dielectric and conductive properties can be controlled over a broad range by inorganic inclusions. Properties of such composites in many respects are defined by both the character of filler distribution in the polymer matrix, as well as filler dispersion and interaction at the polymer matrix -filler interface. It is known that the higher the filler dispersion and the stronger the intermolecular interaction at the interface, the larger the effect of the filler on the properties of the polymer composites [2] . At a very low concentration of the conducting filler, the resistivity of these composites is close to that of a polymer matrix. The resistivity decreases gradually with an increasing content of conductive filler and finally drops sharply by many orders of magnitude at a certain critical threshold [3] . Among the various conducting fillers, naturally abundant graphite, which possesses good electrical conductivity of about 10 4 S/cm at ambient temperature, has been widely used. Graphite is layered crystal with a c-axis lattice constant of 0.66 nm. The structure of graphite is composed of carbon layers arranged in an alternating stacked sequence. The carbon atoms are bonded covalently in a hexagonal arrangement within the layer and these layers are weakly bonded to each other by van der waals forces, making it easy to intercalate. The typical d-spacing between the carbon layers in graphite is 3.35 Å. It has good mechanical, electrical and thermal properties but difficult to disperse. Alternatively, numerous studies reported over the past decade have sought to establish fundamental relationships between morphology and property development in thermoplastic elastomer gels (TPEGs) as explicit functions of copolymer molecular weight, copolymer concentration, solution concentration, solvent quality, and process (temperature and shear) history [4] [5] [6] [7] [8] [9] [10] [11] . Recently, the colloidal properties of nanocomposite polymer clay gels and solutions have also received considerable attention in the literature. Unusual properties are induced by the physical presence of the nanoparticle and by the interaction of the polymer with the particle and the state of dispersion. The morphology and viscoelastic behavior of nanocomposite thermoplastic elastomer gels (NCTPEGs) modified by different silica nanoparticles [12] nanoclays and multiwalled carbon nanotubes [13] and nanographite [14] [15] was recently reported.
While numerous fundamental studies on the rheological and morphological properties of thermoplastic elastomer gels (TPEGs) indicates a molecular network composed of a microphase-separated multiblock copolymer swollen to a large extent by a low-volatility midblock-selective solvent; few comparable efforts have extended studies to thermoplastic elastomer gels in the presence of nanographite. The information on the dielectric properties and thermal stability of thermoplastic elastomer gels in the presence of nanoparticles is also scarce. The percolation network formation of these inorganic additives in thermoplastic elastomer gels may be beneficial in promoting the development of other properties such as those of thermal and electrical. With the new strategy on the polymer gel network with hybrid of organic and inorganic nanomaterials, this may open new emerging technologies and application of multifunctional elastomeric material.
For this particular work, the objective is to increase the dielectric constant of a thermoplastic elastomer gels substantially above its current level in order to reduce applied electric field for electromechanical application. In view of the development of the materials, a systematic study on the effect of various nanographites on dielectric and thermal properties of TPEGs was carried out.
Results and discussion
The structure of nanocomposites in the range of nanometer range can be explained using TEM, which shows direct confirmation of intercalation or exfoliation of polymer chains into nanoparticles layers [16] . The comparative observation of TEM images collected from NCTPEGs loaded with 5% of various nanographites, taken from different sites on the same ultrathin sample (a) EG1, (b) xGnP1 and (c) xGnP15 for low magnification and (a Fig. 1 . The irregularity shaped, dark features identify the nanographites, which appears to exist as aggregates, as shown in low magnification. It is clear that these nanoparticles (indicated by arrow) are flocculated into large-scale aggregates due to high solvent content and hinder to a lesser extent the bridging efficacy of individual copolymer molecules, which is possibly dictated by poor dispersion. It was observed by Kalaitzidou [17] that these nanographites have a tendency to roll together and to form some agglomeration during mixing due the intrinsic van der Waals attractions between the individual nanoplatelets. The high magnification in Figure 1 shows the more detailed examination of NCTPE gels. The relatively high magnification image in all the figures of NCTPE gels confirm that these nanoparticles are in the order of 10-16 nm, which was measured across the particles. The TEM images of NCTPE gels also exhibit morphology composed of SEBS micelles measuring ca.20 nm in core diameter dispersed throughout the hydrocarbon oil, which agrees well with our previous studies [15] . It is clear from these related images that the micelles do not exhibit discernible indication of long-range order a face-or, more likely, body-centered cubic lattice, although we cannot discount the possibility for such order at this NCTPE gel composition. This indicates that addition of nanographite did not reduce the intermicellar distance.
Effect of loading on dielectric properties
The polarizability of a material is given by its relative permittivity, *, * is the ratio of the dielectric permittivity of the examined material ( ,  ' ) and the permittivity of the vacuum (  ). The dependence of the dielectric permittivity, , on the filler volume concentration obtained at different frequencies at room temperature of NCTPE gels loaded with nanographites is depicted in Fig. 2 (a) EG1, (b) EG2, (c) xGnP1, (d) xGnP15. Generally, the dielectric permittivity increases as the volume of the graphite in the polymer gel matrix is increased. However, the behavior of dielectric permittivity on the loading depends primarily on the type of nanographite. It depends on several factors, such as the size, the shape and the spatial distribution of the filler particles within the host TPEGs, the adhesion and the interactions between the three phases (filler, matrix and solvent). For instance, the contribution of EG1 in dielectric permittivity is minimal however when the loading increase to 25%, the dielectric constant dramatically increase. Same performance occurred in NCTPEGs with EG2. If however, the particle size and surface area are different such as those of two exfoliated graphite nanoplatelets (xGnP), the behavior of dielectric permittivity is completely different. The dielectric constant of TPEGs with xGnP abruptly increases with increasing concentration, and then slightly increases with further addition of nanoparticles. The increase in dielectric permittivity with graphite content in polymer nanographite has been observed by a number of researchers [18] [19] . This phenomenon was also observed in carbon black in polyethylene [20] and metalpolymer composites [21] [22] . Comparing with parent TPEGs ( = 2.2), the dielectric constant of TPEGs with conducting nanoparticles is greater for all nanographite concentrations because the system becomes more heterogeneous than the parent TPEGs as more filler is added to it. This dielectric permittivity enhancement is attributed to formation of clusters which leads to greater interfacial polarization known as the Maxwell-Wagner effect [18, [23] [24] . Interfacial-polarization occurs in heterogeneous systems when one of the components has higher electrical conductivity than the other. In the present case, it becomes more heterogeneous as filler added to it because of the formation of interfaces between the dispersed phase and the polymer gel matrix. It has also been shown that for conductor-insulator systems, the dielectric permittivity versus composition plot diverges near the percolation threshold [25] . The  values are also depending on the shape and size of conducting filler and its interaction with matrix. The  increases from  p = 2.2 for parent TPEGs up to  p > 8 for highly filled EG1, whereas for EG2 and xGnP1 and xGnP15 based TPEGs is around 6. Comparing the same amount of filler such as 3 wt% xGnP1 is higher than xGnP15, although it may look higher but the value is almost same. The dielectric permittivity for xGnP1 at 3 wt % is 4.56 and 5 wt% is 5.5 while xGnP15 at 3 wt% is 4.9 and 5 wt % is 5.8. From the Fig. 2 , we can deduce that  of EG1 and EG2 is independent of frequency in all concentrations. The TPEGs with xGnP1 is almost similar to EG. In the case of xGnP15, it was observed that at low concentration the material is independent on frequency because the electron polarization is effectively instantaneous. The polarization follows the change in the electric field; the loss is minimal and the contribution to the dielectric constant, ε' is minimal. At 5% loading,  becomes frequency dependent. Within this area,  decreases as the frequency increases. The decrease in  with increasing frequency is explained by the fact that there is less time to orient themselves in the direction of alternating field. At high frequencies, the electric field changes too fast for the polarization effect to appear. In this case, the contribution to the dielectric constant is minimal and there are almost no dielectric losses in the system.
Fig. 2. Dielectric permittivity as a function of nanographite content at different frequencies: (a) EG1, (b) EG2, (c) xGnP1, (d) xGnP15
Thermal stability Thermogravimetric analysis (TGA) in nitrogen atmosphere was used to characterize the thermal stability of TPEs with different types of nanographites (Fig. 3) and parent TPEGs (20 wt% SEBS concentration). The TG curve has two distinct regions of weight loss that are reflected in two peaks (maxima) in the DTG curve, implying that at least two stages of degradation occur in this sample. The initial degradation in stage I results primarily from the decomposition of the swollen EB block in hydrocarbon oil, while stage II is due to SEBS matrix. For each sample, the thermogram revealed that the DTG plot shows a maximum rate of weight loss, and thus the peak temperatures of degradation (T p ) can be determined. The onset temperatures of degradation (T onset ) can be calculated from the TG curves by extrapolating from the curve at the peak of degradation to the initial weight of the polymer. Similarly, the end temperature of degradation can be calculated from the TGA curves by extrapolating from the curve at the peak of degradation forward to the final weight of the polymer. The residue was also calculated for each nanographites. These characteristic temperatures are listed in Table 2 . For each sample, the thermogram revealed a maximum rate of weight loss. It can be clearly observed from the figure that the thermogram shift towards higher temperature as the heating rate increases, which is more pronounced at lower temperature. The weight loss onset temperature (T onset ) of parent TPEGs in a nitrogen atmosphere in the first stage is about 141°C and the second stage is 231 C. The T onset of TPEGs containing 5 wt% of EG1 and xGnP15 in the first stage has reached as high as 174 °C. TPEGs with EG2 and xGnP1 also have improved their thermal stability, and their T onset was 165 and 172 °C, respectively. For all the nanographite, the T onset, increases with further addition of nanographite. Another feature of the results is that the second stage of degradation did not show any improvement in thermal stability at 5 wt% nanographites. Thus, it appears that the particles reside in the region of EB block swollen by high content of oil as seen in TEM image, thereby increasing the distinct region of oil degradation temperature. It can also explained that may be due to the filler effect that is prominent and thus retards the degradation of TPE gels and the retardation effect is attributed to the interaction between nanoparticles and macroradicals generated during the degradation process [26] . The degradation temperature peak (T p ) of the swollen part of TPEGs is 231C. The T p increases with addition of nanographite, which is dependent on the type of nanographite. The highest recorded is 291C for TPEGs with 5 wt% xGnP15. Again, the second peak that appears at higher temperature remains constant with addition of nanographites. The weight loss for swollen EB containing oil and SEBS matrix remains constant with addition of nanographite. However, the residual yields of the TPEGs increased with increasing nanographite content, indicating that thermal decomposition of the polymer matrix was retarded in the TPEGs/nanographite with higher residual yield. This result may be attributed to a physical barrier effect due to the fact that nanographite would prevent the transport of decomposition products in the polymer nanocomposites. Similar observations have been reported in the thermal stability of polypropylene/layered silicate nanocomposite was improved by a physical barrier effect, hence it enhanced by ablative reassembling of the silicate layer [27] . Comparing the residue of TPEGs without nanographite, there is a little residue because the component of the gels consists only of carbon and hydrogen element. In general for all nanoparticles, it seems that the bonding state of EB middle block which dissolves by high content of oil in SEBS/oil system and microstructure features of the matrix and nanoparticles play an important role in determining the degradation temperature of the nanocomposites. 
Conclusions
The NCTPEGS can be generated by addition of nanographite into a poly(styreneb-(ethylene-co-butylene)-b-styrene) (SEBS) triblock copolymer selectively swollen in a midblock-selective solvent of paraffin oil. The effects of nanographite on the thermal and electrical properties of TPEGs were investigated. It has been shown in this study that incorporation of a small quantity of nanographite increase the dielectric constant and electrical conductivity of TPEGs. The percolation threshold is within 3 wt% loading of xGnP, whereas for EG requires high concentration. The TG curve has two distinct regions, implying that at least two stages of degradation occur in TPEGs. The initial degradation in stage I results primarily from the decomposition of the swollen EB block in hydrocarbon oil, while stage II is due to SEBS matrix. With small addition of nanographite, the thermal stability of stage I showed improvement since the nanoparticles dispersed within the swollen network of triblock copolymer by high content of oil. However the second stage of degradation did not show any improvement in thermal stability of TPEGs.
Experimental part

Materials
The poly[styrene-b-(ethylene-co-butylene)-b-styrene] (SEBS) triblock copolymers with number molecular weight of 79,000 and 29 wt% S (Kraton G1652) was used as received. The paraffin oil, supplied by Michang Oil Industrial Co, South Korea with molecular weight of 480 g/mol and density of 0.88 g/cm 3 . Four types of nanographite were used in this investigation. The expandable graphite was designated as EG1 and EG2 and produced by Anthracite Industries (USA). The other two nanograhites were exfoliated graphite nanoplatelet, denoted here as exfoliated (xGNP-1) and exfoliated xGnP-15 with thickness of 1 micron and 15 micron.
Preparation of thermoplastic elastomer gels with nanographite
The nanographites were first dispersed in chloroform before it was added to the mixture. NCTPE gels composed of 20% SEBS, 1% Irganox antioxidant, 80 % mineral oil, and 1-50 wt% different types of nanographite such as: expandable graphite (EG), exfoliated graphite nanoplatelets (xGnP), were prepared in similar manner elsewhere [14, 15] . The resultant hybrid gels were compression-molded without applying much pressure for 5 minutes at 130 o C to yield sample measuring 2.0 to 2.5 mm thickness.
Characterization Techniques
The specimens were cut at -150  C by an ultra microtome (Ultra cut E, Reichert & Jung) equipped with a diamond knife. Ultra thin section of approximately 50 nm thick was stained with the vapor of 0.5% RuO 4 (aq) gas phase for 5 min, i.e. the PS blocks are stained selectively. The TEM measurements were carried out with a Bio-TEM transmission electron microscope applying an acceleration voltage of 120 kV and an electron energy loss (E) of 0 eV. Zero-loss image were acquired digitally with a slow-scan CCD camera and subsequently analyzed with the NIH Image software package. The TEM measurements were carried out with a Bio-TEM transmission electron microscope applying an acceleration voltage of 120 kV an electron energy loss (E) of 0 eV. Zero-loss image were acquired digitally with a slow-scan CCD camera and subsequently analyzed with the NIH Image software package. The specimens were cut at -150  C by an ultra microtome (Ultra cut E, Reichert & Jung) equipped with a diamond knife. Ultra thin sections of approximately 50 nm thickness were stained with the vapor of 0.5% RuO 4 (aq) gas phase for 5 min, i.e. the PS blocks are stained selectively. The capacitance of TPEGS with different amounts and different nanographites was measured using a 4192 LF Impedance AnalyzersYokogawa Hewlett Packard and a Dielectric Spectroscopy (DES 100 SDM) SII Seiko Instruments. The value obtained at 1000 kHz was used for determination of dielectric constants of TPEGs modified with nanographite. The measurements were carried out at room temperature (25 5 ºC). The thermal stability of TPEGs with different nanographites was evaluated by TG measurements on 10 mg sample in a DuPont TA2100 TGA in the temperature range of 30-700  C at a heating rate of 20 C/min and a nitrogen gas flow of 50 ml/min.
